Background : Our first study had shown that Chinese tea has anti-Helicobacter activity. The present study investigated the relationship between patients' Helicobacter status and the history of Chinese tea consumption. Methods : Chinese patients who had their first upper endoscopy were recruited. Before the procedure, patients completed questionnaires about their current Chinese tea consumption habits and those when they were around 10-25 years old. This information was used to calculate the tea consumption indices (TCI). Gastric biopsies (two from the antrum and two from the corpus) were taken for histological examination for Helicobacter . Results : Eighty patients were recruited. Eight patients were rejected because of either an incomplete questionnaire, absence of gastric biopsy or a suspected history of treatment for Helicobacter infection. Of the 72 patients, 42 (58.3%) were Helicobacter positive. The age, sex ratio and indications for endoscopy were similar in both Helicobacter -positive and -negative groups. Classifying patients using either current, past or total TCI, patients with high tea consumption had significantly lower Helicobacter infection rate than those with low tea consumption (45% compared to 74%, 42% compared to 67% and 40% compared to 83%, respectively). Helicobacter -negative patients had higher overall TCI than Helicobacterpositive patients (28.2:17.3). When current and previous histories were analyzed separately, Helicobacternegative patients also had a trend towards higher TCI currently (16.6:11.0) and in their 20s (11.6:6.1). Conclusions : There is a significant inverse relationship between Chinese tea consumption and Helicobacter infection. Chinese tea consumption may decrease the chance of Helicobacter infection.
INTRODUCTION
Warren and Marshall first discovered Helicobacter pylori in 1982. 1 The importance of Helicobacter in the pathogenesis of peptic ulcer disease, gastritis and gastric malignancy is well established. The Maastricht Consensus Report 2 has recommended Helicobacter eradication in many diseases and conditions. Antibiotics are important ingredients in all Helicobacter-eradication regimens. 3 However, antibiotic resistance is not uncommon. Metronidazole resistance is a well-known issue and can be as high as 60-70% in some areas. 4, 5 With the increasing utilization of clarithromycin, clarithromycin resistance is another problem. 5 Tea is already known to have not only anticarcinogenic, 6 antimitogenic, 7 anti-oxidative 8, 9 and hypocholesterolemic effects, 10 but also an antibacterial action against a wide range of bacteria. [11] [12] [13] [14] Our previous study showed that the Chinese tea Lung Chen (LC), at concentrations of 0.5%, suppressed the growth of Helicobacter . 15 This is lower than the usual cup-of-tea concentration. Our study also showed that epigallocatechin gallate (EGCG) is probably the active ingredient accounting for the anti-Helicobacter effect of LC. Other types of Chinese tea, such as Jasmine tea, Iron Buddha tea, Oolong tea and Pu Erh tea, which also contain EGCG, should also be active against Helicobacter . Although LC is effective against Helicobacter in a dailyconsumed concentration, we cannot yet conclude that it can eradicate Helicobacter under in vivo conditions. The clinical significance of this anti-Helicobacter activity of tea is worth further study. The present prospective study examines the relationship between patients' Helicobacter status and their history of consumption of Chinese tea.
METHODS

Patients
All patients who had their first upper endoscopy in the Department of Medicine, Tuen Mun Hospital, were recruited into the study after providing informed consent. All endoscopies were booked by doctors in the department according to their clinical judgement. Exclusion criteria included patients' refusal to participate in the study, a previous history of treatment for Helicobacter infection, a history of antibiotic therapy in the past month, abnormalities in mental or cognitive functions so that patients could not answer the questionnaire reliably, and any diseases that make gastric biopsy risky or inappropriate.
Protocol
Before endoscopy, patients had to answer a questionnaire about their habits in Chinese tea consumption in the past 10 years (current) and those when they were around 10-25 years old (past). The frequency of consumption was rated from 0 to 7 days/week. Consumption amount was rated from 1-6 (1 = < 100 mL; 2 = 100-200 mL; 3 = 200-300 mL; 4 = 300-400 mL; 5 = 400-500 mL; 6 = > 500 mL) according to the usual consumption of tea on the days it was taken. The degree of Chinese tea consumption was expressed as a tea consumption index (TCI = frequency of consumption × consumption amount). The endoscopy was performed as usual, and gastric biopsies (two from the antrum and two from the corpus) were taken for histological examination for H. pylori . The pathologists in the hospital were not provided with any information concerning the patients' habits in Chinese tea consumption. The study was approved by the ethics committee for New Territories North Cluster, Hospital Authority, Hong Kong.
Statistics
The current TCI, past TCI and total TCI (current TCI + past TCI), which were used to represent the current, past and overall amount of Chinese tea consumption, respectively, were expressed by means and standard error of means (SEM). When current or past TCI were examined, patients with TCI larger than or equal to 7 (it is equivalent to Chinese tea consumption daily in small quantity, or more) were grouped as high tea consumption, while those with TCI less than 7 were grouped as low tea consumption. When total TCI was examined, a cut-off point of 14 was used. The Helicobacter-infection rate of each group was expressed as a percentage. A chi-squared test was used to compare the infection rates between the groups.
RESULTS
The study was stopped after an interim analysis of 80 patients, which showed statistically significant results. Eight patients were rejected from analysis because of an incomplete questionnaire (three patients), the absence of a gastric biopsy (three patients) or a history of peptic ulcer disease (two patients). Of the 72 patients investigated, 42 (58.3%) were Helicobacter positive. Their ages ranged from 18 to 73 years, with a mean age of 40.7 years. Helicobacter -positive patients were, on average, older than Helicobacter-negative patients, but this difference was not statistically significant. Otherwise, the sex ratio and indications for endoscopy were similar in both groups (see Table 1 ).
Thirteen duodenal ulcers and one gastric cancer were found in the Helicobacter -positive group, while none of these was detected in the Helicobacter-negative group. Helicobacter -negative patients had higher overall Chinese tea consumption than Helicobacter-positive patients ( Table 2 ). The total TCI of Helicobacternegative and -positive patients was 28.2 and 17.3, respectively. This means that Helicobacter-negative patients, on average, drink 1.6-fold more Chinese tea than Helicobacter-positive patients. When current and past TCI were analyzed separately, Helicobacter-negative patients also had a trend towards higher Chinese tea consumption currently (current TCI 16.6 vs 11.0) and in the past (past TCI 11.6 vs 6.1). As shown in Table 3 , patients with high Chinese tea consumption (currently, in the past or overall) had a significantly lower Helicobacter infection rate than those with low Chinese tea consumption (45% vs 74%, P = 0.005; 42% vs 67%, P = 0.01; and 40% vs 83%, P = 0.0001, respectively).
DISCUSSION
Tea is an infusion made from various processed leaves of the evergreen shrub Camellia sinensis L. The chemical composition of tea depends on the variety of Camellia sinensis L., the processing procedures and the origin of the tea. Many types of Chinese tea are available, such as LC tea, Jasmine tea, Iron Buddha tea, Oolong tea and Pu Erh tea. They differ in their degrees of fermentation. For example, LC tea has minimum fermentation, while Pu Erh tea is nearly completely fermented. The chemical composition of black tea is more complex than that of green tea, partly because of a longer oxidation process during fermentation. The complexity of the tea solution further increases when the tea is brewed and left to stand.
Polyphenolic compounds with an isoflavan structure make up approximately 30% of the dry weight in tea leaves. 16 The oxidation complex from polyphenols, also called tannin, exists in tea in significant quantities. Unlike tannins from other plants, tea tannins are not harmful. 16 The monomeric compounds in this group are catechins, which constitute 5-15% of the dry weight of Chinese tea. 10 These include epicatechin (EC), epigallocatechin (EGC), epicatechin gallate (ECG) and EGCG. Catechins are readily extracted from tea by hot water infusion. They seem to be the active ingredients accounting for many of the beneficial effects of tea. 17 Epicatechin gallate and EGCG are especially important among the various catechins. 16 The long history of heavy consumption and safety suggests that tea and catechins have high therapeutic indices.
Catechins primarily act on and damage bacterial membranes. 18 Gram-positive bacteria, such as Staphylococcus aureus , are more susceptible to catechins than Gram-negative bacteria, such as Escherichia coli . It has been shown that EGCG has a more potent bactericidal activity than EC. 18 Whether Helicobacter is affected in a similar manner by the catechins has not been investigated. Our previous study showed that one of the Chinese teas, namely LC tea, inhibited the urease activity of Helicobacter in vitro unpubl. obs., 1998). The present study showed a significantly lower Helicobacter infection rate in those patients with higher Chinese tea consumption currently and/or in the past. Both the current and past histories of Chinese tea consumption demonstrated similar trends of an inverse association between the habit of Chinese tea consumption and the Helicobacter status of the patient. Although it is useful to collect the information concerning the types of Chinese tea consumed by each patient, collection of this information was abandoned when it was found that the majority of patients did not have a habit of drinking a specific type of tea consistently. This study just showed an association between Chinese tea consumption and Helicobacter infection. The result may be due to confounding factors, such as nutritional status of the patients and social class. Patients who drank Chinese tea more might be healthier and in a higher social class, and thus had less Helicobacter infection. However, Chinese tea consumption probably reduces the risk of Helicobacter infection when the anti-Helicobacter effect of Chinese tea in vitro was taken into account. 15 The possible mechanisms responsible for this may include a reduction of the rate of infection, assistance for the host in eliminating the infection or both. However, Chinese and Japanese people have high rates of gastric cancer and ulcers despite the traditional habit of tea drinking. Therefore, other factors, such as hygiene and nutrition, are also important factors in Helicobacter infection.
In summary, it is likely that Chinese tea consumption decreases the risk of Helicobacter infection. In view of its excellent safety profiles, further animal and clinical trials should be considered to clarify the role of Chinese tea and catechins in the treatment of Helicobacter infection.
